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Standard M
odel m

echanism
 for CP violation

A
ll angles related to h

and
 r

UT
From

 CKM
unitarity

uct

d     s     b

†
 

V
ud V

ub *
+

V
cd V

cb *
+

V
td V

tb *
=

0
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M
ixing introduces tim

e-dependant CP violation
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3.1 GeV e+ on 9 GeV e- cm
s boost <bg> = 0.55

•
Peak Lum

inosity = 4.60 ¥ 10
33 cm

-2 s
-1  (3 ¥ 10

33 cm
-2 s

-1 design )
•

Positron current = 1775 m
A

      Electron current = 1060 m
A

•
N

um
ber of bunches = 800         IP beam

 sizes = 147 mm
 ¥ 5 mm

PEPII
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D
ata sam

ple
PEPII delivered ~99 fb

-1

BaBar recorded ~94 fb
-1

U
sed in the analysis

81.2 fb
-1 on peak

9.6 fb
-1 off-peak

(4)()C
M

SE
M

M
eV

°-

~88M
 BB pairs considered

~88M
 BB pairs considered
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B
AB

A
R D

etector

SVT:           97%
 efficiency, 15 mm

 z hit resolution (inner layers, perp. tracks)
SVT+DCH: 

 s(p
T )/p

T = 0.13 %
 ¥ p

T   +  0.45 %
DIRC:          K-p separation 4.2 s @

 3.0 G
eV/c ‡ 2.5 s @

 4.0 G
eV/c

EM
C:           s

E /E = 2.3 %
⋅E

-1/4 ⊕
 1.9 %



Sept 23, 2002  B. Jacobsen
8

Experim
ental m

easurem
ent

+e
-e

z

B
rec

B
tag

()4sU
bg

U(4S)  = 0.55

Coherent BB pair

B
0

B
0

m
-

K
-

Start the Clock

D
z

c

z
t

1

b
g

D
ª

D

Tag vertex
reconstruction
Tag vertex

reconstruction

Flavor
Tagging
Flavor

Tagging

Exclusive B M
eson and Vertex

Reconstruction
Exclusive B M

eson and Vertex
Reconstruction

0sK m
-

m
+

p
-

p
+
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B Flavor tagging m
ethod

Using tracks with or without particle identification, and kinem
atic

variables, a m
ultilevel neural network assigns each event to one of five

m
utually-exclusive categories:

•
Lepton tag: prim

ary leptons from
 sem

ileptonic decay
•

Kaon1 tag: high quality kaons, correlated K
- and

 p
+s  (from

 D
*)

•
Kaon2 tag: lower quality kaons, p

s  from
 D

*

•
Inclusive tag: unidentified leptons, low quality K, p, leptons

•
No tag: event is not used for CP analysis

b
s

c
  

†
 

l
-K

-

New and im
proved tagging m

ethod

Q
=28.1 

Q
=28.1 ± ± 0.7 %

 
 0.7 %

 Com
pared to Q

=26.0 ± 0.8



Sept 23, 2002  B. Jacobsen
10

Vertex and Dt Reconstruction
n

Reconstruct B
rec  vertex from

charged B
rec  daughters

n
Determ

ine B
Tag  vertex from

n
All charged tracks
not in B

rec
n

Constrain with
B

rec  vertex,
beam

 spot, and °(4S)
m

om
entum

n
Rem

ove high c
2 tracks

(to reject charm
 decays)

n
High efficiency: 95%

n
Average Dz resolution ~ 180 mm

 (dom
inated by B

Tag )
(<|Dz|> ~ 260 mm

)
n

 Dt resolution function m
easured from

 data

Beam
 spot Interaction Point

B
REC  Vertex

B
REC  daughters

B
REC direction

B
TA

G  direction

T
A
G VertexTA

G tracks, V
0s

z
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†
 

B
tag =

B
0

perfect
tagging & tim

e resolution

Tagging errors and finite Dt resolution dilute the CP
asym

m
etry

†
 

B
tag =

B 0†
 

B
tag =

B
0

typical
m

istagging & finite tim
e resolution

n
Need to know m

istag fraction w and Dt resolution function R
in order to m

easure CP asym
m

etry.
n

Can extract these from
 data with B

0-B
0 m

ixing events.

  

†
 

f(Dt)=
e -

Dt/t
B

4tB
1

mh
f sin2b(1

-
2w)sin(Dm

d Dt)
[

]
Ï Ì Ô Ó Ô 

¸ ˝ Ô ˛ Ô ƒ
R

†
 

B
tag =

B 0
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U
se self-tagged B

flav  sam
ple to m

easure w and R
•

Fully reconstruct self-tagged m
odes:

B
flav  sam

ple is x10 size of CP sam
ple

†
 

fU
nm

ixed
M

ixed
(Dt)=

e -
Dt/t

B

4tB
1

±
(1

-
2w

)cos(Dm
d Dt)

[
]

Ï Ì Ô Ó Ô 

¸ ˝ Ô ˛ Ô ƒ
R

•
A

pply B
tag  to other side, fit for B

0-B
0 m

ixing

B
0 Æ

 D
(*)-p

+/ r
+/ a

1 +

N
tagged =23618

Purity=84%

B
0 Æ

 J/yK
*0(K

+p
-)

N
tagged =1757

Purity=96%
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Tagging perform
ance from

 B
flav  sam

ple

28.1 ± 0.7
65.6

±0.5
Total

2.7 ± 0.3
31.6 ±0.9

20.0
±0.3

Inclusive

6.7 ± 0.4
20.9

±0.8
19.8 ±0.3

Kaon2

10.7 ± 0.4
9.9 ±0.7

16.7
±0.2

Kaon1

7.9 ± 0.3
3.3 ±0.6

9.1 ± 0.2
Lepton

Q
=e(1-2w) 2

M
istag

Fr. (w)
Efficiency

(e)
Category

This new tagging
m

ethod increases Q
 by

7%
 com

pared to the
m

ethod used in our
previous result:
PRL87 (Aug 01).

†
 

A
m

ixing
=

N
unm

ixed
-

N
m

ixed
N

unm
ixed

+
N

m
ixed

ª
(1

-
2w

)cos(Dm
d Dt)

~1-2w

†
 

s
(sin2b)µ

1Q
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sin2
b (b

 ¶
ccs)

Charm
onium

 states

h
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 B

0 ¶
 J/y K

0L

h
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0 ¶
 J/y K
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 h
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 B
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0S

 B
0 ¶
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 B
0 ¶

 c
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Yields

h
c  has been added to the sam

ple

h
c ¶

 K
s K

+
p

-
   and

     h
c ¶

 K
+K

-p
0

95.8
1757

J/yK
*0(K

+p
-)
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25375

Bflav
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23618

Brec (had.)
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2641
A
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147

J/yK
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s  p
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988
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1506
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s
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h
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c
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s

96.9
150
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170
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0p
0)

96.5
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J/yK
s  (p

+p
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N
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M
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B
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 c
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CP asym
m
etriesh

cp =-1

sin2
b = 0.741 ± 0.067 (stat) ± 0.033 (syst)

sin2
b = 0.741 ± 0.067 (stat) ± 0.033 (syst)

h
cp =+1

sin
2

b =
 0

.7
5

5
 ± 0

.0
7

4
 

sin
2

b =
 0

.7
2

3
 ± 0

.1
5

8
 

Subm
itted to PRL, hep-ex/0207042
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sin2
b results (b

 ¶
ccs)

A
ll consistent P(c

2) = 57%
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(cc)K
S  with lepton tag

N
tagged  = 220

Purity = 98%

M
istag fraction 3.3%

 s
Dt  20%

 better than
other tag categories

sin
2

b =
 0

.7
9
 ± 0

.1
1

D
ram

atic effect in golden m
odes with lepton tag
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Cross-check on data control sam
ples

O
bserved no asym

m
etry, as expected
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Sources of System
atic Error

s(sin2b)
Description of background events

0.017
CP content of background com

ponents
Background shape uncertainties

Com
position and content of J/y K

L  background
0.015

Dt resolution and detector effects
0.017

Silicon detector alignm
ent uncertainty

Dt resolution m
odel

M
istag differences between B

CP  and B
flav  sam

ples
0.012

Fit bias correction
0.010

Fixed lifetim
e and oscillation frequency

0.005
TO

TAL
0.033

Steadily reducing system
atic error:

July 2002 = 0.033
July 2001 = 0.05
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Constraining the r ,h plane
M

ethod as in Höcker et al,
Eur.Phys.J.C21:225-259,2001
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Consistent with the Standard M
odel expectation of |l

f  |=1 and
nom

inal fit sin2b = 0.755 ± 0.074 for (cc)K
s  m

odes alone.

n
If another am

plitude (new physics) contributes a different phase, then

n
In the Standard M

odel |l
f | = 1  (which we assum

e in the nom
inal sin2b fit)

S
f  Æ

 - h
f  sin2b

   C
f  Æ

 0
n

Fit |l
f  | and S

f  using the clean (cc)K
s  m

odes  
(h

f  =-1, N
tagged  = 1506, Purity = 92%

):

Golden M
odes beyond the Standard M

odel

| l
f  | = 0.948 ± 0.051 (stat) ± 0.017 (syst)

    S
f  = 0.759 ± 0.074 (stat) ± 0.032 (syst)

†
 

A
CP (Dt)

=
S

f sin(Dm
dDt)-C

f cos(Dm
dDt)

†
 

C
f= 1

-
l

f

2

1
+

l
f

2

†
 

S
f=

2Im
l

f

1
+

l
f

2
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•
Cabbibo-suppressed m

ode with tree
level weak phase sam

e as b Æ
 ccs

•
Penguin contribution uncertain,
expected to be sm

all < 0.1 Tree

•
Not a CP eigenstate, m

ixture of
CP even (L=0,2) and CP odd (L=1)

(b Æ
 ccd) m

ode B
0 Æ

 D
*+D

*-

N
tagged = 102

Purity = 82%
Reconstruct D

*+Æ
 D

0p
+

or D
+p

0 , but not
both to p

0 m
ode

B
0

D
* -

D
* +

B
0

D
* -

D
* +

V
cd
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CP com
position of B

0 Æ
 D

*+D
*-

•
W

e m
easure CP odd fraction (corrected for acceptance) to be sm

all:
R

^  = 0.07 ± 0.06 (stat) ± 0.03 (syst)

†
 

dG
GdcosJ

tr
=

34
1

-
R

^
(

) sin
2J

tr +
32

R
^ cos 2J

tr
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CP asym
m
etry fit B

0 Æ
 D

*+D
*-

   |l
+ | = 0.98 ± 0.25 (stat) ± 0.09 (syst)

Im
(l

+ ) = 0.31 ± 0.43 (stat) ± 0.10 (syst)
If penguins are negligible, then

Im
(l

+ )  = - sin2
b

Im
(l

+ ) m
easurem

ent ~2.7s from
 BaBar sin2b

in charm
onium

, assum
ing no penguins.

•
Im

proved fitting strategy:
–

Param
eterize in term

s of CP even (l+ )
and odd (l^ ) com

ponents, include
angular inform

ation from
 partial-wave

analysis
–

Fix CP odd com
ponent to 

l^ =1, Im
(l ^ ) = -0.741
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B
0 B
0

D
* +

D
 _

D
* +

D
 _

D
+D
* _

D
+

D
* _

C
P

conjugation
strong
phase

(b Æ
 ccd) m

ode B
0 Æ

 D
*+D

-D
*D  56 fb

-1

N
tagged = 85

Purity = 52%

S
+-  = -

0.43 ± 1.41 ± 0.20
C

+-  = 
0.53 ± 0.74 ± 0.13

S
-+ = 

0.38 ± 0.88 ± 0.05
C

-+
= 

0.30 ± 0.50 ± 0.08

U
p
d
ate to

 fu
ll d

ata set in
 p

ro
g
ress

•
D*D not CP eigenstate

•
Possible strong phase
contribution (and still have
penguins)

•
Different (but related)
decay tim

e distributions for
B

0 Æ
 D

*+D
-

B
0 Æ

 D
*- D

+
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(b
Æ

ccd) m
ode B

0 Æ
 J/y p

0

Cabibbo and color-suppressed m
ode with com

parable tree and
penguin contributions

Ntagged= 49
Purity = 59%
h

f  = + 1

V
cd

Tree: ~V
cb V

cd * ~ O
(l

3)
sam

e weak phase as bÆ
ccs

Penguin:~V
cb V

cd * + V
ub V

ud * ~ O
(l

3)
 adds additional weak phase
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CP asym
m
etry fit for B

0 Æ
 J/y p

0

In absence of penguins C
y

p =0, S
y

p  = - sin2b

h
f  = + 1
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Charm
less decay dom

inated by (b Æ
 sss) gluonic penguins

W
eak phase as b Æ

 ccs, but sensitive to new physics in loops

sin2
b from

 penguin m
ode B

0 Æ
 f K

S

N
tagged  = 66

Purity = 50%
h

f  = - 1

–
Sm

all branching fraction O
(10

-5)
–

Significant background from
 qq

continuum
–

Using only f Æ
 K

+K
-
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CP asym
m
etry fit for B

0 Æ
 f K

S

Fix |l
fK | = 1, fit: S

fK  = -0.19          (stat) ± 0.09 (syst)
+0.52
- 0.50

Cross check on B
+ Æ

 f K +

        S
fK  = 0.26 ± 0.27

If n
o
 n

ew
 p

h
ysics, S

f K =
 sin

2
b

Analysis of B
0 Æ

 h’ K
S  in progress

Dt (ps)
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•
Begun to probe the sam

e CP-violating phase
and look for new physics via penguin m

odes:
B 0Æ

f K
0S

B 0Æ
J/y p 0

and open charm
 m

odes:
B 0Æ

D
*+D

*-

B 0Æ
D

*+D
-

sin2
b Conclusion

•
N

ew m
easurem

ent of sin2
b from

charm
onium

 m
odes (88 x10

6 BB)

Subm
itted to PRL July 17, 2002

(hep-ex/0207042)

Results have been im
proving by

m
ore than just lum

inosity gain

The Standard M
odel rem

ains unscathed, but the high statistics future of
BaBar will provide further opportunities to challenge the theory.

(First BaBar results)

M
illion BB pairs

July 00Feb 01

July 01
M

ar 02
July 02

sin2
sin2

b b = 0.741 
 = 0.741 ± ± 0.067 (stat) 

 0.067 (stat) ± ± 0.033 (syst)
 0.033 (syst)
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Sin2
a: CP Violation in B

0 -> p
+p

-

)
2

sin(
1

)
sin(

eff
2 /

1

/
1

2

a

d

l

pp
pp pp

a
pp

g
d

g
d

C
S C

e
i

i

i
ie

e
T

P

e
e

T
P

i-
= µ =

-
+ +

W
ith P

enguins (P
):

m
ixing

decay

T
ree (T

) Level:

)
2

sin(

0

2

a

l

pp pp

a
pp

= = =

S C

e
i

N
eed branching fractions for

p
+p

-, p
±p

0, and p
0p

0 to get a
from

 a
eff   ->

 isospin analysis

*

*

ub
ud

ub
udV

V

V
V

=
pp

l
*

*

td
tb

td
tbV

V

V
V
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B
0Æ

 pp, K
p, K

K

•
Sm

all branching ratios ( few ¥ 10
-6 )

•
Im

portant continuum
 background

–
Topological variables

–
Kinem

atics

BU
T

The key issue is

Particle Identification

The key issue is
The key issue is

Particle Identification
Particle Identification

First results presented last year
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D
*+Æ

 D
0p

+ Æ
 (K

-p
+)p

+For e=85%

P(K
Æ

p)=1.7%

P(p Æ
K)=2.7%

p-K separation

K sam
ple

K
hypothesis

p

hypothesis
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Branching fractions and direct CP violation

•
M

axim
um

 Likelihood to extract branching
ratios and K

p asym
m

etries
•

N
o tagging or vertexing needed

<0.6 (90%
CL)

17.9 ±0.9 ±0.7

4.7 ±0.6 ±0.2

BR (10
-6)

-0.102 ±0.050
±0.016

589 ± 30
B

0 -> K
+p

-

1 ± 8
B

0 -> K
+K

-

157 ± 19
B

0 ->p
+p

-

(A
K

p )
Yield

M
ode

)
sin(

)
sin(

~
)

(
)

(

)
(

)
(

0
0

0
0

d
g

p
p

p
p

p
T P

K
K

B
B

r
K

B
B

r

K
B

B
r

K
B

B
r

A
-

+
+

-

-
+

+
-

Æ
+

Æ

Æ
-

Æ
≡

D
irect CP violation
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m
es  and DE for B

0Æ
 p + p -

B
0 _ p

+ p -

K
p
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Validation of Tagging, Vertexing, and M
L Fit

[
])

cos(
)

2
1(

1
4

)
(

/

,
t

m
w

TQ
e

t
f

d

t
KQ

T
D

D
-

-
ª

D
D

-t

t
p •

Kp decays are self-tagging
–

T = tag charge
–

Q
 = kaon charge

•
Float t and Dm

d  in sam
e

sam
ple used to extract CP

asym
m

etries:

1-
p
s

)
0
5

.
0

5
2

.
0(

p
s

)
0
7

.
0

5
6

.
1(

±
=

D

±
=

d
m

t

F
it projection in sam

ple of K
p-selected events
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(
)
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)

(
)

(
)

)
cos(

)
sin(

)
(

0
0

0
0

t
m

C
t

m
S

B
N

B
N

B
N

B
N

t
A

d
d

tag
tag

tag
tag

D
D

-
D

D
=

+ -
≡

D

pp
pp

pp

CP A
sym

m
etry ResultsF

it projection in sam
ple of pp-selected events

04
.0

25
.0

30
.0

05
.0

34
.0

02
.0

±
±

-
=

±
±

=

pp

pp

C S
qq +

 K
p

Prelim
inary

Subm
itted to Phys Rev (hep-ex/0207055)



Sept 23, 2002  B. Jacobsen
39

Isospin A
nalysis to get a from

 a
eff ?

•
The decays B

Æ
 p

+p
-, p

+p
0, p

0p
0 are related by isospin

•
Central observation is that pp states can have I = 2 or 0
–

(gluonic) penguins only contribute to I = 0 (DI = 1/2)
–

 p
+p

0 is pure I = 2 (DI = 1/2) so has only tree am
plitude

Æ
 (|A

+0|  = |A
+0|)

•
Triangle relations allow determ

ination of penguin-induced shift in a

p
p

k
a

a
+

=
2

2
eff

G
ronau and London, P

hys. R
ev. Lett. 65, 3381 (1991)

B
ut, need branching

fractions for all three
decay m

odes, and for
B

0 and B
0 separately
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The Base of the Isospin Triangle: B
+->

p
+p

0

BR (10
-6)

B
+ ->

K
+p

0

B
+ ->

p
+p

0

A
CP

Yield
M

ode

2321
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0
5.

5
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1
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0
±

+-
2122

239
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8.
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1.
1

±
+-

02
.0

03
.0

18
.017
.0

±
-

+-

01
.0

09
.0

09
.0

±
±

-

S
im

ultaneous fit to pp
0/K

p
0

Prelim
inary

Fit region

e
+e

- ->
 qq

r
+p

-

hep-ex/0207065
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Rem
aining side: B

0->
p

0p
0

D
ata after cut on probability ratio (e ~ 20%

)rp
0

p
0p

0

C
.L

.
 

%
90

@
10

6.
3

)
(

23
6

0
0

0

109
0

0

-

+-

¥
<

Æ =

p
p

p
pB

B NS
ignificance including system

atic errors =
 2.5s

Prelim
inary

hep-ex/0207063
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Setting a Bound on Penguin Pollution

•
Can still get inform

ation on a with only an upper
bound on p

0p
0:

–
For exam

ple: Grossm
an-Q

uinn bound (assum
e only

isospin)

•
M

any other bounds on the m
arket

–
Charles, Gronau/London/Sinha/Sinha, etc…

[
]

C
.L

.
 

%
9

0
@

6
1

.
0

)
(

)
(

)
(

2 1

)
(

sin
0

0
0

0
0

0
0

eff
2

<

Æ

Æ
+

Æ
<

-
±

±
p

p

p
p

p
p

a
a

B
B

R

B
B

R
B

B
R

C
.L

.
 

%
90

@
51

eff
o

<
-

a
a

C
orrelations and system

atic errors included



Sept 23, 2002  B. Jacobsen
43

B
0Æ

 rp

A
cp

Clear B
0Æ

 rp signal
observed

t=
1
.5
9

±0
.1
2
 ps

Dm
d =
0
.5
1
 ± 0
.0
9

ps
-1

From
 B

0Æ
 rp

2221 3433

147

413
+- +-

= =

K
N N

r rp



Sept 23, 2002  B. Jacobsen
44

B B
0 0Æ Æ

  rp
rp asym

m
etry

 asym
m
etry

†
 

A
CP rp

=
-0.22

-0.08
+0.08

stat
(

) ±
0.07(syst)

A
CP rK

=
+0.19

-0.14
+0.14

stat
(

) ±
0.11(syst)

C
rp

=
0.45

-0.19
+0.18

stat
(

) ±
0.09(syst)

S
rp

=
0.16

-0.25
+0.25

stat
(

) ±
0.07(syst)

DC
rp

=
0.38

-0.20
+0.19

stat
(

) ±
0.11(syst)

DS
rp

=
0.15

-0.25
+0.25

stat
(

) ±
0.05(syst)
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D
irect CP m

easurem
ents sum

m
ary

N
o evidence

for direct CP
violation yet
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•M
easurem

ent of sin2
b = 0.741 ± 0.067 ± 0.033

•M
easurem

ents in T+P and P m
odes

•Tim
e dependent  asym

m
etries for B

0Æ
 p

+p
- and

B
0/ B

0 Æ
 r

 ±
 p

± being m
easured

•Building blocks, BR(B
0Æ

 p
0p

0 and B
+Æ

 p
+p

0), for
an a isospin analysis are on place

BaBar starts exploring the exciting physics for
BaBar starts exploring the exciting physics for

which it has been built
which it has been built

Conclusions:
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Backup slides
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CP asym
m
etry in the tagging categories for the (cc) K

s  sam
ple

Lep
to

n
K
ao

n
1

K
ao

n
2

O
th

er

0
.7

9
 ± 0

.1
1

0
.7

8
 ± 0

.1
2

0
.7

3
 ± 0

.1
7

0
.4

5
 ± 0

.2
8

sin
2

b
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System
atic Errors for sin2

b

0.033
Total

0.003
Dm

d

0.004
B lifetim

e

0.010
Fit bias correction

0.012
Signal D

ilutions

0.017
Dt m

eas. and RF

0.015
Klong BG

0.017
CP and M

ix BG

dsin2
b

Source

T
o
tal fro

m
 w

in
ter 2

0
0
2

resu
lt (5

6
 fb

-1) w
as

0
.0

3
5

L
a
rg

e
st so

u
rce

 com
es from

 b
ackg

rou
n
d
s

•
C
P o

f A
rg

u
s B

G
 is zero

 in
 d

efau
lt fit.

A
ttem

p
t to

 fit fo
r it in

 S
B
.  D

ifferen
ce is

system
atic (very con

servative).

•
K
lo

n
g
 B

G
 co

n
trib

u
tio

n
s

•
C
o
m

p
o
sitio

n
 o

f J/y
X
 B

G
 : 

0
.0

0
7

•
S
h
ap

e/reslu
tio

n
 o

f D
E
 : 

0
.0

0
7

S
o
m

e
 im

p
ro

v
e
m

e
n

ts o
ver last iteratio

n
•

S
w

itch
ed

 fro
m

 PD
G

 2
0
0
0
 to

 PD
G

 2
0
0
2
 fo

r B
lifetim

e an
d
 D

m
d .  PD

G
 u

n
certain

ties d
o
w

n
b
y x2

 (th
an

ks to
 u

s).  B
o
th

 w
ere 0

.0
1
0
 last

tim
e.

•
Peakin

g
 B

G
 n

o
w

 sp
lit b

y m
o
d
e.  J/y

K
s  h

as
th

e lo
w

est (0
.3

%
, o

th
ers >

1
.2

%
).  W

as
0
.0

1
3
, n

ow
 0

.0
0
7
.

•
M

C
 b

ias co
rrectio

n
 (o

r M
C
 statistics).  U

sed
x7

 m
o
re M

C
 th

is tim
e.  W

e u
n
d
erstan

d
 p

art
o
f th

e b
ias.  W

as 0
.0

1
4
, n

o
w

 0
.0

1
0
.
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Pure or dom
inated penguin decays (II)

•
Still working on that

B
0Æ

h’K
0S  : tree

 is
 color and Cabbibo

suppressed
B

+ Æ
h’K

+ :  tree
 is

 Cabbibo suppressed

B
0Æ

h’K
0S  : tree

 is
 color and Cabbibo

suppressed
B

+ Æ
h’K

+ :  tree
 is

 Cabbibo suppressed


